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SYSTEM AND METHOD FOR
DETERMINING AN IMPACT OF
MANUFACTURING PROCESSES ON THE
CALIPER OF A SHEET MATERIAL

CLAIM OF PRIORITY AND
CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/677,316 filed on Apr. 2, 2015, which has

been allowed, and claims the benefit of prionty to U.S.
Provisional Patent Application No. 61/975,390, which was
filed on Apr. 4, 2014, and 1s incorporated herein by reference
in their entireties and for all purposes.

TECHNICAL FIELD

The present disclosure relates generally to the manufac-
ture of sheet material products. In particular, aspects of the
present disclosure relate to systems, devices and processes
for determining an impact of one or more manufacturing
processes on a caliper of a sheet matenial.

BACKGROUND

Caliper (thickness) measurement can be critical for under-
standing process impacts in the act of creating products
made from sheet maternals. For example, 1n the context of a
box product made from a corrugated fiberboard sheet mate-
rial, the caliper of the sheet material correlates with board
stiflness and load carrying capacity and, thus, box perfor-
mance characteristics. For that reason, 1t 1s a critical process
parameter in the manufacture of such products. Similarly,
caliper 1s an 1mportant process parameter that 1s considered
in the manufacture of other products from sheet materials,
such as, for example, paper, paperboard, corrugated fiber-
board, plastic, corrugated plastic, combinations thereot, and/
or the like.

Conventionally, caliper measurement 1s a manual process.
As sheet matenal 1s being processed, for example, a small
number of sheets are removed and manually measured by a
caliper device or, in some instances, by destructive testing.
For instance, to manufacture a corrugated box container,
manual measurements are typically obtained at a corrugator
once combined board 1s formed, again before that combined
board 1s converted into a box, and finally once the manu-
tacture of the box has been completed. This process 1s labor
intensive and time consuming. As such, only a limited
number of products can be inspected. Indeed, it 1s not
uncommon for an entire run of thousands of boxes to be
characterized by one or, at most, a handiul of caliper
measurements to assess the impact of the process on the
corrugated board from which the boxes are made.

Past attempts to improve the process of measuring caliper
have been largely unsuccessiul for a number of reasons.
Generally, such attempts required restraint of the sheet
material against a fixed and stable portion of an apparatus
(c.g., to align the sheet with a measurement device and/or
provide a reference point from which to measure). Yet, the
process of restraining the sheet materials introduces sub-
stantial 1nethciencies (1.e., significantly slowed processing
speeds) and risks additional damage to the sheet material
from the restraining contact. Other attempts to measure
caliper of sheets in motion were generally frustrated by the
frequent and erratic movement of the sheets along the
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2

transport path due to, for example, vibrations, mechanical
processing impacts, acrodynamics, efc.

SUMMARY

According to aspects of the present disclosure, systems
are presented for processing sheet materials. In an 1mple-
mentation, the system includes an input configured to
receive one or more sheets of material, an output, and a
transport mechanism configured to transport the one or more
sheets, one sheet at a time, from the mput along a transport
path to the output. The system also includes a manufacturing
process device that 1s disposed along the transport path and
1s configured to change each of the one or more sheets from
a first state to a second state. The system further includes a
first image capture device. The 1image capture device can be
located, for example, along the transport path, e.g., proxi-
mate the input, the manufacturing process device, the out-
put, or any combination thereof. The first image capture
device 1s configured to obtain one or more first images. Each
of the first images 1s of at least one of the one or more sheets.
The system also includes at least one processor that is
communicatively coupled to the first image capture device.
The at least one processor 1s configured to determine pro-
cess-impact information based on one or more {irst images,
including at least a caliper measurement of each of the at
least one of the one or more sheets.

According to additional aspects of the present disclosure,
systems for processing a plurality of sheets of material are
disclosed. In an implementation, the system includes an
input area or receptacle that 1s configured to receive a
plurality of sheets of material, and an output area or recep-
tacle that 1s configured to receive one or more sheets of
maternial. A transport mechanism 1s configured to transport
the sheets, e.g., one sheet at a time, from the mput area/
receptacle along a transport path to the output area/recep-
tacle. The system also includes one or more manufacturing
process devices disposed along the transport path. Each
manufacturing process device 1s configured to apply a
manufacturing process to at least one of the sheets. The
system further includes a first image capture device located
at or between the input area/receptacle and one of the
manufacturing process devices. The first 1mage capture
device 1s configured to obtain a first 1mage of a first set of
the plurality of sheets. The system further includes a second
image capture device located at or between one of the
manufacturing process devices and the output area/recep-
tacle. The second image capture device 1s configured to
obtain a second image of a second set of the plurality of
sheets. At least one processor 1s communicatively coupled to
the first image capture device and the second 1mage capture
device. The at least one processor 1s configured to determine
a first caliper measurement for each of the sheets in the first
set of the sheets based on the first images, and determine a
second caliper measurement for each of the sheets 1n the
second set of sheets based on the second images.

According to additional aspects of the present disclosure,
methods for processing sheet material are disclosed. A
method for processing a plurality of sheet material includes,
for example, receiving a plurality of sheets of matenal;
transporting, via a transport mechanism, the sheets of mate-
rial, one sheet at a time, past a {irst 1mage capture device;
obtaining, via a {irst image capture device, a first image of
a first set of one or more of the sheets while being trans-
ported past the first image capture device; and, determining,
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via at least one processor, a first caliper measurement of the
first set of one or more sheets based on the first image of
cach sheet of the first set.

The above summary 1s not intended to represent every
embodiment or every aspect of the present disclosure.
Rather, the foregoing summary merely provides an exem-
plification of some of the novel aspects and features set forth
herein. The above features and advantages, and other fea-
tures and advantages of the present disclosure, which are
considered to be inventive singly or in any ol various
combinations, will be readily apparent from the following
detailed description of representative embodiments and
modes for carrying out the present invention when taken in
connection with the accompanying drawings and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic illustration of an example of a
sheet processing system according to aspects of the present
disclosure.

FIGS. 2A and 2B are plan-view and side-view illustra-
tions, respectively, of an exemplary section of the sheet
processing system 1llustrated in FIG. 1.

FI1G. 3 1s a tlowchart of a representative worktlow process
for determining an impact of a manufacturing process
according to aspects ol the present disclosure.

FIG. 4 1s a diagrammatic illustration of another example
of a sheet processing system according to aspects of the
present disclosure.

FIG. 5§ 1s a diagrammatic illustration of yet another
example of a sheet processing system according to aspects
of the present disclosure.

While the present disclosure 1s susceptible to various
modifications and alternative forms, some representative
embodiments thereof have been shown by way of example
in the drawings and will herein be described 1n detail. It
should be understood, however, that the inventive aspects
are not limited to the particular forms illustrated in the
drawings. Rather, the disclosure i1s to cover all modifica-
tions, equivalents, combinations, and alternatives falling
within the spirit and scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1

This disclosure 1s susceptible of embodiment 1n many
different forms. There are shown 1n the drawings, and will
herein be described 1n detail, representative embodiments
with the understanding that the present disclosure i1s to be
considered as an exemplification of the principles of the
present disclosure and 1s not intended to limit the broad
aspects of the disclosure to the embodiments illustrated. To
that extent, elements and limitations that are disclosed, for
example, 1n the Abstract, Summary, and Detailed Descrip-
tion sections, but not explicitly set forth 1n the claims, should
not be incorporated into the claims, singly or collectively, by
implication, inference or otherwise. For purposes of the
present detailed description, unless specifically disclaimed
or logically prohibited: the singular includes the plural and
vice versa; and the words “including” or “comprising” or
“having” means “including without limitation.” Moreover,
words ol approximation, such as “about,” “almost,” “sub-
stantially,” “approximately,” and the like, can be used herein
in the sense of “at, near, or nearly at,” or “within 3-5% o1,”
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or “within acceptable manufacturing tolerances,” or any
logical combination thereof, for example.

In the following description of the exemplary systems and
methods, the sheet material 1s described as corrugated fiber-
board; however, it should be understood that the sheet
material can alternatively be other maternials such as, for
example, paper, paperboard, plastic, corrugated plastic,
combinations thereof, and/or the like. The systems and
methods of the present disclosure address problems that
have long been without a viable solution. Namely, the
systems and methods of the present disclosure achieve
measurement of the caliper of sheet materials while being
transported at high rates of speed through manufacturing
process systems. The sheet materials do not need to be
removed, damaged, restrained, or contacted 1n any way to
achieve such caliper measurements. Advantageously, the
systems and methods of the present disclosure allow for the
collection and analysis of large sample sizes, providing a
more robust and comprehensive understanding of the sheet
materials being processed and/or the impact of various
manufacturing processes on the sheet materials. Indeed, n
some 1nstances, the systems and methods of the present
disclosure can provide real-time or near real-time monitor-
ing of the caliper of portions or all of the sheet materials
being processed.

FIG. 1 illustrates an exemplary schematic diagram of a
system 100 for processing sheet materials according to
aspects of the present disclosure. As shown 1n FIG. 1, the
system 100 includes an input receptacle 112, a transport
mechanism 114, a first image capture device 116, a manu-
facturing process device 118, a second 1mage capture device
120, and an output receptacle 122. The system 100 can
turther include a controller 124, a memory 126, a user iput
device 128, and a user output device 130.

The mput receptacle 112 1s configured to recerve a plu-
rality of sheets of corrugated board (i.e., corrugated fiber-
board). As one non-limiting example, the plurality of sheets
of corrugated board can be receirved 1n the mput receptacle
112 as a stack. The transport mechanism 114 1s configured
to transport the sheets of corrugated board, one sheet at a
time, from the 1nput receptacle 112 to the output receptacle
122 via the first image capture device 116, the manufactur-
ing process device 118, and the second 1image capture device
120. That 1s, the first image capture device 116, the manu-
facturing process device 118, and the second 1image capture
device 120 are disposed along a transport path between the
input receptacle 112 and the output receptacle 122. As one
non-limiting example, the transport mechanism 114 can
include one or more conveyor belts, rollers, etc. The output
receptacle 122 is configured to recerve the plurality of sheets
of corrugated board once processed (e.g., as a stack of
sheets).

The manufacturing process device 118 includes one or
more devices that are configured to manufacture aspects of
a corrugated board product (e.g., a box blank or a fully-
assembled box) from the corrugated board sheets. For
example, the manufacturing process device 118 can be
configured to cut, score, crush, print, glue, staple, tape,
and/or wire stitch one or more portions of each sheet of
corrugated board. In one non-limiting implementation, the
manufacturing process device 118 can be tlexo folder gluer.
In another non-limiting implementation, the manufacturing
process device 118 can include one or more sections of a
flexo folder gluer (e.g., a feed section, a printing section, a
creaser-slotter section, an in-line die cutter, a glue lap unat,
a folding section, etc.). Stated more generally, the manufac-
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turing process device 118 can include one or more devices
configured to change each sheet from a first state to a second
state.

The first image capture device 116 and the second 1image
capture device 120 are configured to obtain a first image and
a second 1mage, respectively, of one or more of the sheets of
corrugated board as the sheets are transported past the first
image capture device 116 and the second image capture
device 120. More particularly, the first image capture device
116 and the second 1mage capture device 120 are configured
to obtain the first image and the second 1mage, respectively,
ol a thickness of the sheet(s) (1.¢., 1n a dimension defined by
the walls and flute(s) of the corrugated board, as should be
understood by a skilled artisan). For example, the first image
capture device 116 and the second 1mage capture device 120
can be located with respect to the transport mechanism 114
such that a lateral side of each sheet passes through a field
of view of the first image capture device 116 and a field of
view of the second 1image capture device 120 as it 1s being,
transported along the transport path.

According to some aspects, the first image capture device
116 can be located on either side of the transport path such
that, for example, the sheets are generally coplanar with the
field of view of the first image capture device 116 and the
field of view of the second image capture device 120.
According to some aspects, the first image capture device
116 and the second image capture device 120 can be
respectively onented such that the field of views of the first
image capture device 116 and the second image capture
device 120 are generally orthogonal to the transport path at
the respective locations of the first image capture device 116
and the second 1image capture device 120. According to other
aspects, the first image capture device 116 and the second
image capture device 120 can be oriented at non-orthogonal
angles (e.g., oblique angles) relative to the transport path.

As one non-limiting example, FIGS. 2A and 2B 1llustrate
an exemplary configuration of the first image capture device
116 relative to the transport mechanism 114. FIG. 2A shows
a plurality of sheets 140A-140C located on a portion of the
transport mechanism 114 near the first image capture device
116. As shown 1n FIG. 2A, the sheet 140B 1s passing through
a field of view 142 of the first image capture device 116.
FIG. 2B 1s a sectional view taken through the line 2B-2B
shown 1n FIG. 2A. As shown 1n FIG. 2B, the first image
capture device 116 1s located on a side of and generally
coplanar to the transport mechanism 114 and oriented gen-
erally orthogonal to the transport mechanism 114 such that
a lateral side 144 of the sheet 140B 1s located within the field
of view 142 of the first image capture device 116. As
described above, it 1s contemplated that other locations and
orientations can be employed (e.g., such that a leading
lateral side of the sheet 140B can be positioned within the
field of view 142).

Additionally, as shown 1 FIG. 2B, the first image capture
device 116 1s configured such that the sheets 140A-140C can
pass through the field of view 142 despite any potential
movement 1n the z-direction due to, for example, vibrations,
mechanical processing impacts, aerodynamics, etc. For
example, the first image capture device 116 can be located
at a distance from the transport mechanism 114 based on the
optical characteristics of the first image capture device 116
(e.g., lens size, focal length, aperture size, etc.) to allow for
movement ol the sheets 1n the z-direction during transport
past the first image capture device 116.

According to some aspects of the present disclosure, the
first images and the second 1mages can include an image of
only a single sheet (or a portion thereot) at a time. According
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to alternative aspects of the present disclosure, the first
images and the second 1images can iclude an 1mage of one
or a plurality of sheets (or portions thereof) at a time.

The first 1image capture device 116 and the second 1image
capture device 120 are communicatively coupled to the
controller 124. In particular, the first image capture device
116 and the second 1mage capture device 120 are configured
to transmit 1mage information (e.g., via wired or wireless
communication signals) indicative of the first and second
images obtained by the first image capture device 116 and
the second 1image capture device 120. The controller 124 1s
configured to process the 1mage information received from
the first 1image capture device 116 and the second image
capture device 120.

According to aspects of the present disclosure, the con-
troller 124 1s programmed to determine a caliper measure-
ment for each sheet shown in the first images and second
images. In this way, the controller 124 can continuously or
repeatedly monitor the caliper of the sheets of corrugated
board as the sheets are transported through the system 100.
As one non-limiting example, the controller 124 can run an
image analysis program on the first images and second
images, utilizing edge detection algorithms, to determine a
caliper measurement for each sheet shown 1n the first images
and the second images. That 1s, the controller 124 can be
programed to detect changes in 1mage brightness to deter-
mine the lower edge and the upper edge of a sheet. The
caliper measurement can thus be determined from the dis-
tance between the detected upper edge and the detected
lower edge of the imaged sheet. In implementations 1n which
a first image and/or a second 1mage may include a plurality
of sheets (or portions thereof), the controller 124 can be
configured to employ additional 1mage processing algo-
rithms to further distinguish one sheet from another when
multiple sheets are captured within a first image or a second
image.

It 1s contemplated that, according to some aspects, the
controller 124 can be configured to run a calibration pro-
gram to facilitate translation of the distance between the
lower edge and the upper edge of each image to a caliper
measurement (e.g., the calibration determines a scaling
factor for converting a 1mage distance or number of pixels
between to the caliper measurement of the sheet). According
to additional and/or alternative aspects, the first image
capture device 116 and the second 1image capture device 120
can be configured according to predetermined conditions
(1.e., location, orientation, distance from the sheets on the
transport mechanism 114, etc.) to facilitate translation of the
determined 1mage distance to the caliper measurement.

According to aspects of the present disclosure, the con-
troller 124 can be configured to compare the determined
caliper measurements to a predetermined tolerance range
(and/or a predetermined threshold value). The controller 124
can be further configured to generate an error signal based
on the comparison. For example, the controller 124 can be
configured to generate an error signal 1f any caliper mea-
surement 1s outside of the tolerance range. As another
example, the controller 124 can be configured to generate an
error signal 1f more than a threshold number of caliper
measurements are outside of the tolerance range. As yet
another example, the controller 124 can be configured to
generate an error signal 1f more than a threshold percentage
of the caliper measurements are outside of the tolerance
range. The controller 124 can thus be configured to deter-
mine whether an error condition exists based on the com-
parison of the determined caliper measurement(s) to error
checking criteria. According to aspects of the present dis-
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closure, process-impact 1s determined by the controller 124
by comparing the determined caliper measurements, e.g.,
determined from the 1mages taken by the first image capture
device, to a previously measured set of satisfactory caliper
measurements.

According to some aspects, the error signal can include an
indication as to whether the error condition 1s associated
with a first image or a second image. As such, the error
signal can provide information as to the nature of a problem
with the system 100. For example, a caliper measurement
determined from a first image to be outside of the tolerance
range may indicate a problem with the sheets being fed into
the system 100 while a caliper measurement determined
from a second 1mage to be outside of the tolerance range
may indicate that the manufacturing process device 118
detrimentally impacted the sheets during processing. It 1s
contemplated that, according to some aspects, the controller
124 can be configured to compare caliper measurements
from the first images to a first tolerance range and caliper
measures irom the second images to a second tolerance
range. This may be usetul for implementations 1n which 1t 1s
expected and/or imtended that the manufacturing process
device 118 will impact the caliper of the sheets to a certain
extent.

As the first image capture device 116 is located before the
manufacturing process device 118 and the second image
capture device 120 1s located after the manufacturing pro-
cess device 118 along the transport path, the controller 124
can be additionally and/or alternatively configured to quan-
tify and evaluate the impact of the manufacturing process
device 118 on the sheets by determining a change in the
caliper measurements based on one or more of the first
images and the second images.

According to some aspects of the present disclosure, the
controller 124 can be configured to determine a change 1n
caliper measurement based on a first image and a second
image of the same sheet. For example, a first caliper mea-
surement of a sheet can be determined from a first image, a
second caliper measurement of the same sheet can be
determined from a second image, and the change 1n caliper
measurement can thus be determined by the difference
between the first caliper measurement and the second caliper
measurement. In some implementations, the controller 124
can be configured to control the first image capture device
116 and the second image capture device 120 such that the
first 1mage and the second 1mage are obtained at times at
which 1t 1s known that the target sheet 1s located within the
respective fields of view of the first image capture device
116 and the second 1mage capture device 120. In one
example, the controller 124 can be configured to control
image capture timing based on known transport speeds of
the transport mechanism 114 and the distance between the
first image capture device 116 and the second 1mage capture
device 120. In another example, sensors (not shown) may be
employed to detect the presence and/or number of sheets
passing through the field of views of the first image capture
device 116 and the second image capture device 120.

According to additional and/or alternative aspects of the
present disclosure, the controller 124 can be configured to
determine the change 1n caliper measurement based on any
first image and any second 1mage regardless of whether the
first image and the second 1mage are of the same sheet. For
example, a first caliper measurement of a first sheet can be
determined from a first image, a second caliper measurement
of a second sheet (which may be the same or diflerent from
the first sheet) can be determined from a second 1mage, and
the change in caliper measurement can thus be determined
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by the difference between the first caliper measurement and
the second caliper measurement. While determining a
change 1n caliper measurement based on measurements for
the same sheet provides a more direct indication of the effect
of a manufacturing process device 118 on the caliper of the
sheet, determining a change 1n caliper measurement based
on measurements from any sheet (1.e., same or different
sheet) can still provide an informative and usetful indication
of the eflect of the manufacturing process device 118 while
minimizing system resource requirements needed to control
the timing of the image capture devices 116, 120 and/or
track the identity of the sheets transported through the
system 100.

According to still additional and/or alternative aspects of
the present disclosure, the controller 124 can be configured
to determine an average change in caliper measurement
based on caliper measurements derived from a plurality of
first images and a plurality of second images. For example,
the controller 124 can be configured to determine the change
in caliper as the difference between an average caliper
measurement for sheets shown in a plurality of first images
and an average caliper measurement for sheets shown 1n a
plurality of second images. In some 1nstances, the plurality
of first images and the plurality of second images can
include 1mages of the same plurality of sheets and, 1n other
instances, the plurality of first image and the plurality of
second 1mages may not be 1mages of the same sheets (1.e.,
at least one sheet 1s diflerent between the first images and the
second 1mages). The average change 1n caliper measurement
can thus provide additional and/or alternative data for deter-
mining the impact of the manufacturing process device 118
on the caliper of the sheets transported through the system
100.

The controller 124 can be configured to evaluate the
determined change in caliper measurement(s) (or average
thereol) to determine i an error condition exists. For
example, the determined change in caliper measurement(s)
can be compared to a predetermined tolerance range or
predetermined threshold value(s) 1n a manner similar to that
described above for evaluation of a caliper measurement
with respect to a tolerance range. Additionally, as described
above, the controller 124 can be further configured to
generate an error signal based on such comparisons to the
tolerance range(s) and/or threshold value(s).

According to some aspects of the present disclosure, a
first 1mage and a second 1mage can be obtained for each
sheet transported through the system 100. This approach
may allow for a comprehensive analysis of the effects of the
manufacturing process on all sheets transported through the
system. Notably, such functionality has not previously been
achieved as prior systems and methods for the manufacture
of sheet materials can only measure limited sample sizes due
to the labor mtensive process of manual measurement or the
need to restrain the sheet matenial from movement during
measurement. According to alternative aspects of the present
disclosure, a first image and a second 1mage can be obtained
for some but not all of the sheets transported through the
system. While small sample sizes may be utilized for
analysis by the controller 124, the system 100 can be
advantageously configured to process larger amounts of data
than could previously be processed via prior systems and
methods for the manufacture of sheet material products.

According to some aspects of the present disclosure, the
caliper measurement(s) and/or the determined change in
caliper measurement(s) (or averages thereol) can be stored
as process-impact information in the memory 126. The
process-impact information may be viewed by a user via the




US 10,184,897 B2

9

user output device 130. In some non-limiting implementa-
tions, the process-impact information can be stored in the
memory 126 with identification information associated with
the sheet(s) from which the process-information i1s derived.
For example, the controller 124 can be configured to assign
a unique 1dentifier to each sheet imaged 1n the first images
and the second i1mages, which may be stored with the
process-impact information in the memory 126.

Optionally, the controller 124 can be further configured to
control the operation of the manufacturing process device
118. For example, the controller 124 can be configured to
transmit a control signal, which when received, causes the
manufacturing process device 118 to stop, start, and/or
adjust a manufacturing process applied to the sheets trans-
ported through the system 100. In some non-limiting imple-
mentations, the control signals can be generated in response
to mputs recerved from a user via the user input device 128.
In additional and/or alternative implementations, the control
signals can be automatically generated based on the con-
troller 124 processing the process-impact information (e.g.,
based on comparisons to one or more predetermined thresh-
old values and/or tolerance ranges). In instances in which the
controller 124 can adjust the manufacturing process applied
by the manufacturing process device 118, a feedback system
can be formed whereby the controller 124 can continuously
or repeatedly monitor the process-impact information to
make further adjustments until the process-impact informa-
tion conforms to the desired manufacturing tolerance
requirements or criteria.

It should be understood that the system 100 illustrated and
described for FIG. 1 1s intended to be exemplary and that the
system 100 can be modified to include additional compo-
nents, fewer components, and/or modified components. For
example, while the exemplary system 100 illustrated 1n FIG.
1 includes an 1nput receptacle 112 and an output receptacle
122 that are configured to receive a plurality of sheets, the
input receptacle 112 and/or the output receptacle 122 can be
configured to receive only one sheet at a time for facilitating
ingress and egress of the sheets for the system 100. Addi-
tionally, for example, while the exemplary system 100
includes two 1mage capture devices 116, 120, it 1s contem-
plated that the system 100 can include any number (i.e., one
or more) 1mmage capture devices 116, 120 according to
alternative aspects of the present disclosure.

Caliper measurements taken by the image capture devices
116, 120 and CPU 124 may be subject to a minimum
resolution requirement. For at least some implementations,
a particular point of interest 1s changes 1n cahper through a
process, which can require determining a difference mea-
surement between an imitial caliper and a final caliper.
Because differences as small as one one-thousandth of an
inch can indicate meaningtul process impact to the material,
it 1s desirable, for example, that the minimum resolution
requirement be at least approximately one one-thousandth of
an 1nch. Optionally, the minimum resolution requirement 1s
an order of magnitude better than the significance level for
the measurement itself, indicating an optimal resolution of
one tenth of one-thousandth of an inch. This can help to
clearly distinguish process changes as a corrugated sheet
traverses, for example, a flexo. While resolution between
these levels can still be contributory, once resolution
becomes less precise than the higher value (0.001"), the
ability to identily meamingful impacts 1s severely con-
strained.

Referring now to FIG. 3, an exemplary flowchart for a
method 200 of processing a plurality of sheets (e.g., sheets
of corrugated fiberboard, paper, paperboard, plastic, corru-
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gated plastic, combinations thereof, and/or the like) 1s 1llus-
trated. At step 212, a plurality of sheets are recerved (e.g., in
the input receptacle 112). At step 214, the sheets are trans-
ported (e.g., via the transport mechanism 114), one at a time,
past the first image capture device 116. At step 216, a first
image ol one or more sheets 1s obtained by the first image
capture device 116. After the first image 1s obtained at step
216, the sheets are processed, for example, by a manufac-
turing process device 118 at step 218. As described above,
the manufacturing process device 118 can cause the sheets
to change from a first state (e.g., unprinted, uncut, unscored,
etc.) to a second state (e.g., printed, cut, scored, etc.). At step
220, after the sheets have been processed, the sheets are
transported past the second 1mage capture device 120. At
step 220, a second 1mage of one or more sheets 1s obtained
by the second 1mage capture device 120. At step 224, the
process-impact information i1s determined based on the first
image(s) and/or the second 1mage(s) obtained at steps 216
and 222. Optionally, at step 226, the process-impact infor-
mation 1s compared to error checking criteria (e.g., a pre-
determined threshold and/or tolerance range).

FIG. 3, described by way of example above, represents
one algorithm that corresponds to at least some instructions

executed by the controller 124 in FIG. 1 to perform the
above described functions associated with the described
concepts. It 1s also within the scope and spirit of the present
concepts to omit steps, iclude additional steps, and/or
modily the order of steps presented above. For example, the
process 200 can further include a step of generating an error
signal 1n response to the comparison at step 226.

As described above, the systems and methods of the
present disclosure can obtain a plurality of 1mages of the
sheets at two different points 1n a manufacturing process
from which measurements and determinations can be made
as to the eflect of the manufacturing process (or aspects
thereol) on the sheets while being transported through the
system. According to some additional and/or alternative
aspects of the present disclosure, more than two image
capture devices can be employed in the system 100. For
example, FIG. 4 illustrates an example sheet processing
system 300 1n which five image capture devices 316 A-316E
are employed. In the illustrated example, the system 300
includes a flexo folder gluer having an input receptacle 312
containing a stack of corrugated board sheets, a transport
mechanism 314, an impression roller 318A, scoring shaifts
318B, slotting shafts 318C, a folding section 318D, an
adhesive section 318E, and an output receptacle 322. Addi-
tionally, as shown 1n FIG. 4, the system 300 includes a first
image capture device 316 A, a second 1mage capture device
3168, a third image capture device 316C, a fourth image
capture device 316D, and a fifth image capture device 316E.
The 1mage capture devices 316A-316F are configured to
capture respective 1mages ol one or more sheets of corru-
gated board at diflerent points along the transport path as
described above. For example, the first image capture device
316A 1s configured to obtain an image of one or more sheets
as the sheet(s) are received from the input receptacle 312 1n
the transport mechanism 314A, the second 1mage capture
device 316B 1s configured to obtain an 1image of one or more
sheets as the sheet(s) are received 1n a feed section 314 A, the
third 1mage capture device 316C 1s configured to obtain an
image ol one or more sheets after the sheet(s) have passed
through feed rolls 314B, the fourth image capture device
314D 1s configured to obtain an 1image of one or more sheets
after the sheet(s) pass through the impression rolls 318 A, the
scoring shafts 318B, and the slotting shaits 318C, and the
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fifth 1mage capture device 316E 1s configured to obtain an
image of one or more sheet(s) as the sheet(s) are received 1n
the output receptacle 322.

Accordingly, in the 1llustrated example, the impact of all
manufacturing processes within the system 300 can be 5
determined based on the image obtained by the first image
capture device 316 A and the image obtained by the fifth
image capture device 316EF; however, the 1images obtained
by the second 1mage capture device 316B, the third image
capture device 316C, and/or the fourth image capture device 10
316D could additionally and/or alternatively be utilized to
determine the impact of a subset of manufacturing processes
of the tlex folder gluer. For example, the impact of the feeder
section 314A can be determined based on the images
obtained by the second 1image capture device 3168 and third 15
image capture device 316C. As another example, the impact
of the impression rolls 318 A, the scoring shaits 318B, and
the slotting shaits 318C can be determined based on the
images obtained by the third image capture device 316C and
the fourth image capture device 316D. As yet another 20
example, the impact of the feed section 314A, the impres-
sion rolls 318A, the scoring shafts 318B, and the slotting
shafts 318C can be determined based on the images obtained
by the second image capture device 3168 and the fourth
image capture device 316D. 25

It should be understood that the images obtained by the
image capture devices 316A-316E can be analyzed by a
controller (e.g., the controller 124) to determine caliper
measurement(s) and/or change 1n caliper measurements (1.¢.,
process-impact information) and compare such process- 30
impact information to one or more threshold values and/or
tolerance ranges (1.e., error checking criteria). It also should
be understood that the number and locations of the image
captured devices 1llustrated in FIG. 4 1s intended as one
non-limiting example. According to additional and/or alter- 35
native aspects, the system 300 can include more or fewer
image capture devices 316A-316F and the image capture
devices 316A-316F can be located at locations other than
those illustrated in FIG. 4.

Advantageously, the systems and methods of the present 40
disclosure can accommodate high speed manufacturing pro-
cesses such as those generally desired for the manufacture of
products from corrugated board sheets. The systems and
methods of the present disclosure can capture and analyze
large quantities of data in real time. Because the images can 45
be captured and analyzed rapidly, the systems and methods
of the present disclosure can provide a nearly continuous
measurement of caliper. As a result, hundreds or thousands
of unique data points can be obtained per order, providing
real-time feedback to the equipment operators and validation 50
statistics to the customer. For example, the systems and
methods of the present disclosure can alert the machine
operators 1f conditions have changed in their incoming stock
and allow them to adjust the manufacturing process devices
118 during the run to account for such changes. In some 55
instances, the adjustments may mitigate wear and tear on the
manufacturing process devices 118. In other instances, the
adjustments can be made to minimize board damage from
the process 1tself.

While the embodiments described above relate to systems 60
and methods for processing previously formed sheet mate-
rial, according to additional and/or alternative aspects of the
present disclosure, similar systems and methods can also be
configured to determine the impact of manufacturing pro-
cesses during the production of the sheets. For example, 65
FIG. 5 1llustrates an example system 400 including a cor-
rugator for producing the corrugated board sheets. As shown

12

in FIG. 5, the corrugator includes a plurality of unit pro-
cesses or sections for manufacturing aspects of a plurality of

corrugated board sheets. The system 400 further includes a
plurality of image capture devices 416 A, 4168, 416C, 416D

located at various different points in the system 400. Similar
to the systems 100, 300 and methods 200 described above,
the image capture devices 416 A-416D of the system 400 can
be configured to obtain 1images, which can be analyzed (e.g.,
by a controller) to determine the impact of one or more
manufacturing processes. For example, comparing the
images obtained by the image capture device 4168 and the
image capture device 416A can provide a measure of the
change 1n the structure of a fluted singleface web before a
second liner 1s applied, and identily damage done on a
bridge 1n transit. As another example, the images from the
image capture devices 4168 and 416C can be compared to
determine the impact of one or more hot plates. As yet
another example, the images from the image capture devices
416C and 416D can be compared to determine the impact of
the slitting, scoring, and cutting processes. As still another
example, a caliper measurement can be determined from any
one of the image capture devices 416A-416D to determine
an 1mpact ol a manufacturing process. It should be under-
stood that the images obtained by the 1image capture devices
416A-416D can be analyzed by a controller (e.g., the
controller 124) to determine caliper measurement(s) and/or
change 1n caliper measurements (1.e., process-impact infor-
mation) and compare such process-impact information to
one or more threshold values and/or tolerance ranges (i.e.,
error checking criteria).

The present disclosure includes systems having control-
lers for providing various functionality to process iforma-
tion and determine results based on 1nputs. Generally, the
controllers may be implemented as a combination of hard-
ware and software elements. The hardware aspects may
include combinations of operatively coupled hardware com-
ponents including microprocessors, logical circuitry, com-
munication/networking ports, digital filters, memory, or
logical circuitry. The controller may be adapted to perform
operations specified by a computer-executable code, which
may be stored on a computer readable medium.

As described above, the controller 124 may be a pro-
grammable processing device, such as an external conven-
tional computer or an on-board field programmable gate
array (FPGA) or digital signal processor (DSP), which
executes soltware, or stored instructions. In general, physi-
cal processors and/or machines employed by embodiments
of the present disclosure for any processing or evaluation
may 1nclude one or more networked or non-networked
general purpose computer systems, microprocessors, field
programmable gate arrays (FPGA’s), digital signal proces-
sors (DSP’s), micro-controllers, and the like, programmed
according to the teachings of the exemplary embodiments of
the present disclosure, as 1s appreciated by those skilled 1n
the computer and software arts. The physical processors
and/or machines may be externally networked with the
image capture device(s), or may be integrated to reside
within the 1image capture device. Appropriate software can
be readily prepared by programmers of ordinary skill based
on the teachings of the exemplary embodiments, as 1is
appreciated by those skilled 1n the software art. In addition,
the devices and subsystems of the exemplary embodiments
can be mmplemented by the preparation of application-
specific itegrated circuits or by interconnecting an appro-
priate network ol conventional component circuits, as 1s
appreciated by those skilled 1n the electrical art(s). Thus, the
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exemplary embodiments are not limited to any specific
combination of hardware circuitry and/or software.

Stored on any one or on a combination of computer
readable media, the exemplary embodiments of the present
disclosure may include software for controlling the devices
and subsystems of the exemplary embodiments, for driving
the devices and subsystems of the exemplary embodiments,
for enabling the devices and subsystems of the exemplary
embodiments to interact with a human user, and the like.
Such software can include, but 1s not limited to, device
drivers, firmware, operating systems, development tools,
applications software, and the like. Such computer readable
media further can mclude the computer program product of
an embodiment of the present disclosure for performing all
or a portion (if processing 1s distributed) of the processing
performed 1n 1mplementations. Computer code devices of
the exemplary embodiments of the present disclosure can
include any suitable interpretable or executable code mecha-
nism, including but not limited to scripts, interpretable
programs, dynamic link libraries (DLLs), Java classes and
applets, complete executable programs, and the like. More-
over, parts of the processing of the exemplary embodiments
of the present disclosure can be distributed for better per-
formance, reliability, cost, and the like.

Common forms of computer-readable media may include,
for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, any other suitable magnetic medium, a
CD-ROM, CDRW, DVD, any other suitable optical
medium, punch cards, paper tape, optical mark sheets, any
other suitable physical medium with patterns of holes or
other optically recognizable indicia, a RAM, a PROM, an
EPROM, a FLASH-EPROM, any other suitable memory
chip or cartridge, a carrier wave or any other suitable
medium from which a computer can read.

While the present invention has been described with
reference to one or more particular embodiments, those
skilled 1n the art will recognize that many changes may be
made thereto without departing from the spirit and scope of
the present invention. Each of these embodiments and
obvious variations thereof 1s contemplated as falling within
the spirit and scope of the claimed invention, which 1s set
forth 1n the following claims.

What 1s claimed:

1. A system for processing a plurality of sheets of mate-
rial, the system comprising:

an mput configured to receive the plurality of sheets of
material;

an output;

a transport mechanism configured to transport the plural-
ity of sheets of material, one sheet at a time, from the
input along a transport path to the output;

a manufacturing process device disposed along the trans-
port path and configured to change each of the plurality
of sheets of material from a first state to a second state;

a first 1image capture device configured to obtain one or
more first images, each of the one or more {irst images
being of at least one of the plurality of sheets of
material; and

at least one processor communicatively coupled to the
first 1image capture device, the at least one processor
being configured to determine process-impact informa-
tion based on the one or more first images, the process-
impact information including at least a caliper mea-
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surement of each of the at least one of the plurality of
sheets of material wherein a change in caliper 1s
determined by the difference between the first caliper
measurement of each of the at least one of the plurality
of sheets of material and a second caliper measurement.

2. The system of claim 1, wherein the at least one
processor 1s Turther configured to determine whether an error
condition exists based on the process-impact information
and one or more error checking criteria.

3. The system of claim 1, wherein the first image capture
device 1s positioned adjacent the transport mechanism along
the transport path and oriented such that each of the first
images 1ncludes a lateral side of each of the plurality of
sheets of material.

4. The system of claim 1, wherein the first image capture
device 1s positioned adjacent the transport mechanism gen-
crally orthogonal to the transport path.

5. The system of claim 1, wherein the plurality of sheets
of material comprises corrugated fiberboard.

6. The system of claim 1, wherein the process-impact
information 1s determined by the at least one processor, at
least 1n part, by comparing the one or more first images of
the first image capture device with a previously measured set
ol satisfactory caliper measurements.

7. A method for processing sheet material, the method
comprising;

recerving a plurality of sheets of material;

transporting, via a transport mechanism, the plurality of

sheets of maternal, one sheet at a time, past a first image
capture device;

obtaining, via the first image capture device, one or more

first images of a first set of one or more of the plurality
of sheets of material while the plurality of sheets of
material 1s transported past the first 1image capture
device one sheet at a time;

determining, via at least one processor, a first caliper

measurement of the first set of one or more of the
plurality of sheets of material based on the one or more
first images of the first set; and determining a change 1n
caliper 1s determined by the difference between the first
caliper measurement of each of the at least one of the
plurality of sheets of material and a second caliper
measurement.

8. The method of claim 7, further including determining,
whether an error condition exists based on the process-
impact information and one or more error checking criteria.

9. The method of claim 7, wherein the first image capture
device 1s positioned adjacent the transport mechanism along
the transport path and orniented such that each of the first
images 1ncludes a lateral side of each of the plurality of
sheets of material.

10. The method of claim 7, wherein the first image capture
device 1s positioned adjacent the transport mechanism gen-
erally orthogonal to the transport path.

11. The method of claim 7, wherein the plurality of sheets
ol material comprises corrugated fiberboard.

12. The method of claim 7, further including determining
process-impact information by the at least one processor, at
least 1 part, by comparing the one or more first images of
the first image capture device with a previously measured set
ol satisfactory caliper measurements.
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